Aims To estimate the incidence of acuteonset presumed infectious endophthalmitis (PIE) following cataract surgery in the UK and provide epidemiological data on the presentation, management, microbiology, and outcome of cases of endophthalmitis. Methods Cases were identified prospectively by active surveillance through the British Ophthalmological Surveillance Unit reporting card system, for the 12-month period October 1999 to September 2000 inclusive. Questionnaire data were obtained from ophthalmologists throughout the UK at baseline and 6 months after diagnosis. Under-reporting was estimated by independently contacting units with infection databases. Results Data were available on 213 patients at baseline and 201 patients at follow-up. The minimum estimated incidence of PIE was 0.086 per 100 cataract extractions and the corrected incidence was 0.14 per 100 cataract extractions. For the management of PIE, 96% of patients received intravitreal, 30% subconjunctival, 65% oral, and 17% intravenous antibiotics. In all, 17% of patients received intravitreal steroid. From the intraocular samples taken for microbiological analysis, 56% were culture positive. At followup, 48% of patients achieved visual acuity of 6/ 12 or better and 66% achieved better than 6/60. 13% of patients were unable to perceive light or had evisceration of the globe. Conclusions The incidence of PIE after cataract surgery in the UK is comparable to that of other studies. Approximately 50% of patients achieved a visual acuity close to the driving standard.
Introduction
Cataract extraction is now one of the most commonly performed surgical procedures in the UK. Rehabilitation following cataract surgery is rapid with good visual outcome in the majority of cases and relatively few complications. Patient expectation of visual improvement following cataract surgery is high, therefore the incidence and outcomes of sightthreatening complications need to be known for appropriate informed consent prior to surgery.
Endophthalmitis is potentially the most devastating complication of cataract surgery and despite optimal management the visual outcome is poor in many cases. Although the incidence of this complication is not known precisely, data from studies performed over the past 12 years suggest that the risk of endophthalmitis is one case per 312-1250 cataract extractions. [1] [2] [3] [4] Owing to the variation in these reported incidence figures and also because some of the results were based on intracapsular and extracapsular cataract extractions, there is a need for further information on the incidence of endophthalmitis following modern cataract surgery in the UK.
The present study was undertaken to assess various epidemiological aspects of acute-onset endophthalmitis following cataract surgery in a national prospective UK survey.
Materials and methods
This was a population-based, prospective study with active surveillance of cases through the British Ophthalmological Surveillance Unit (BOSU) monthly reporting card system. The BOSU was established to assist in the investigation of the incidence and clinical features of rare eye conditions of public health or scientific importance. The protocols for individual studies are reviewed by the BOSU steering committee in order that the above criteria may be met and also to provide advice to individual research workers on the design of their studies.
The BOSU surveillance scheme involves all consultant or associate specialist ophthalmologists with clinical autonomy in the UK who form the reporting base. Ophthalmologists were asked to notify the study investigators, through the BOSU, of a newly diagnosed case of acute presumed infectious endophthalmitis (PIE) following cataract surgery. Case notification was requested for the 12-month study period between October 1999 and September 2000 inclusive. Acute-onset endophthalmitis was defined as any patient with a clinical diagnosis of PIE occurring within 6 weeks of cataract surgery. 3 All combined procedures, cases of previous intraocular surgery and trauma were excluded.
Following case notification to the BOSU, every reporting ophthalmologist was sent a detailed questionnaire by the study investigators requesting data on previous medical and ophthalmic history, cataract surgery details, endophthalmitis presentation details, microbiology, and management. Outcome data were obtained from follow-up questionnaires sent to the reporting ophthalmologists 6 months after diagnosis. Ophthalmologists who did not return questionnaires received reminder letters at 2 and 3 months after the initial questionnaire was sent.
In order to estimate the completeness of case ascertainment throughout the UK, other sources of case ascertainment were sought as a means of external validation. A total of 38 units (20%) were selected randomly from a list of UK centres. The Clinical Director from each unit was contacted to enquire if infection databases were kept or if postoperative endophthalmitis audits had been performed during the study period. Data were requested from units that kept databases and were willing to provide information for this study. The information requested included: the date of cataract surgery, date of diagnosis with PIE and a patient 'identifier', for example, date of birth, to compare with the study baseline data. To estimate under-reporting, the total number of cases per centre was compared with the total number of cases reported to BOSU for that same centre.
Results

BOSU reports
From October 1999 to September 2000 inclusive, 300 reports of patients with PIE following cataract surgery were made to BOSU by 199 ophthalmologists in the UK. In addition, 10 reports were received directly by the study investigators resulting in a total of 310 reports for the 12-month study period. Questionnaires were received from 285/310 reports (92% response rate), of these 72 were excluded (31 were duplicate reports and 41 were incorrectly diagnosed or did not satisfy inclusion criteria for diagnosis, see Methods). In addition, 14 reports were confirmed as cases by the reporting ophthalmologist, although no further information was available. Questionnaire data were available on 213 patients at baseline and 201 patients at follow-up.
Estimate of ascertainment
Nine centres provided information from infection databases.. These centres included six Teaching and three District General Hospitals with an average of 8.8 ophthalmic consultants per unit (range 5-13). During the study period, 40 cases of PIE were reported to BOSU from these nine centers; however, information from infection databases in these centres revealed a total of 64 cases (range 4-11 per centre). Assuming this sample of centres is representative of units throughout the UK, we estimated that 62.5% of cases of PIE following cataract surgery in the UK were reported to the BOSU (95% confidence limits 54%, 71%). This estimation of underreporting is in close approximation to the study period BOSU 4-month mean card return rate of 71%. 5 
Incidence rates
For the purposes of incidence estimation, only cases of PIE following cataract surgery performed on the NHS were included in the calculations, as the number of cataract extractions in private practice, performed annually in the UK, is not known. Of the 227 verified cases, 196 patients had cataract surgery performed on the NHS.
The number of NHS cataract extractions performed during the study period was estimated from half the total number of operations for the 2-year period between April 1999 and March 2001, excluding combined procedures (figures obtained from the Department of Health in England, Scotland, Wales and Northern Ireland). Based on these estimates, the total number of NHS cataract extractions for the study period was 230 000 (approximated to the nearest 1000).
The incidence of PIE following cataract surgery in the UK, based on reports to the BOSU, is 0.085% (95% CI 0.073%, 0.097%).
We estimated that 62.5% of cases were reported to the BOSU, therefore adjusting for under-reporting the expected number of cases during the study period is approximately 314 (95% CI 252, 376). The corrected incidence of PIE following cataract surgery in the UK is 0.14% (95% CI 0.11%, 0.17%) or approximately one case per 750 (95% CI 1:625, 1:878) cataract extractions.
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Cataract surgery details
The majority of patients were greater than 70 years of age (mean ¼ 73.5,. median ¼ 76, range ¼ 7-94), one patient was aged less than 20 years (age 7 years). Women formed 61% of the patients. There was a history of diabetes in 10% and immunosuppression (leukaemia, lymphoma, and myelodysplasia) in 4%. In all, 4% of patients were taking oral steroids and 9% of patients were taking topical treatment for glaucoma at the time of cataract surgery. Table 1 presents details of the cataract surgery for patients presenting with PIE. The intraocular lenses (IOLs) inserted at the time of cataract surgery were mostly foldable lenses with optics made from silicone {73/210 (35%)} and acrylic {93/210 (44%)}. IOL optics made from PMMA were used in 40/210 (19%) cases. No IOL was inserted in 4/210 (2%) cases. The predominant haptic material was PMMA {100/154 (65%)}. 12 (8%) cases had IOLs inserted with polypropylene haptics.
The operative and first day postoperative complications are presented in Table 2 . The percentage of cases with intraoperative capsule rupture was higher (10%) in this group of patients compared to patients undergoing cataract surgery in the national cataract surgery survey 4 (4.4%). Intraoperative capsular rupture and other possible risk factors for endophthalmitis are being investigated in a separate case-control study.
Endophthalmitis casesFbaseline characteristics
The majority of patients (81%) presented within the first week of cataract surgery, 95% presented within 18 days, and 97.5% within 23 days of cataract surgery. Figures 1 and 2 compare baseline characteristics with the Endophthalmitis Vitrectomy Study (EVS). 6 Almost all patients had symptoms at presentation, with blurred Surveillance of endophthalmitis following cataract in UK S Kamalarajah et al 582
Eye vision being the most common in 85%. Pain was reported by 69% of patients, which was similar to the EVS. Examination revealed an anterior chamber hypopyon in 72%, no red reflex in 39% and an afferent pupillary defect in 23% of recorded cases.
As expected, most patients had poor presenting visual acuity, with 85% having acuity of equal to or less than 6/60 (range ¼ 6/6 F NPL, median ¼ HM). Initial visual acuity was PL in 20% and NPL in 1.5% of patients.
Management of PIE
A total of 202 (94%) patients had an aqueous or vitreous biopsy attempted at presentation and one patient had a delayed biopsy. Samples for microbiology were obtained in 199 patients, 72 (36%) had vitreous biopsy only, 16 (8%) only aqueous biopsy, and 111 (56%) both aqueous and vitreous biopsies. The vitreous sampling technique was recorded in 180 patients; 113 (63%) had a vitreous aspiration with a needle and 67 (37%) had a vitreous biopsy using an ocutome.
In total, 96% (205/213) of patients received immediate or delayed intravitreal antibiotics, eight (4%) patients were not given intravitreal antibiotics and one patient had evisceration of the globe on presentation. From the 205 patients receiving intravitreal antibiotics, 42 (20%) required a second injection of antibiotic and three (1.5%) received a third injection. The majority of patients received a combination of vancomycin and amikacin {113/205 (55%)} or vancomycin and ceftazidime {56/205 (27%)}. Other intravitreal antibiotic combinations included: teicoplanin/ciprofloxacin (3%), vancomycin/ cefuroxime (3%), vancomycin/gentamicin (1.5%), vancomycin/ciprofloxacin (1%), and cefuroxime/ gentamicin (1%).
A total of 64 (30%) patients received subconjunctival antibiotics, 139/212 (66%) oral antibiotics, 36/212 (17%) intravenous (i.v.) antibiotics, 21/212 (10%) oral and i.v. antibiotics for the management of PIE. Most patients (92%) also received topical antibiotics.
In addition to intravitreal antibiotic, 37/212 (17%) patients received intravitreal steroid. Of all, 29 patients were given intravitreal steroid as part of the initial management and eight patients received a delayed injection of steroid.
In total, 46 (22%) patients received subconjunctival steroid (33% subconjunctival dexamethasone, 67% subconjunctival betnesol). Systemic oral steroid was given to 90/212 (42%) patients and two of these patients also received i.v. steroid.
Microbiological results
From the 199 patients who had aqueous or vitreous biopsies, microbial growth was reported from samples in 111 (56%) patients ( The percentages of positive cultures according to the vitreous sampling technique were as follows: vitreous aspiration with a needle, 63/113 (56%) and vitreous biopsy by ocutome, 37/67 (55%).
Vitrectomy
A total of 39 (18%) patients required a vitrectomy procedure (PPV) as part of their management. Of these, 15 (7%) patients had a PPV performed as part of the initial management of PIE (three of these patients required a second PPV and two patients required a third PPV) and 24/213 (11%) patients had a delayed PPV (four required a further PPV). Surveillance of endophthalmitis following cataract in UK S Kamalarajah et al 583
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In all, 42 (20%) patients presented with visual acuity of perception of light (PL). From these patients, 13 (31%) had a PPV performed; 5/42 (12%) immediately (at presentation) and 8/42 (19%) delayed (more than 1 day after presentation).
Further additional procedures performed and the ocular complications noted at follow-up are summarized in Table 3 .
Outcome
Visual acuity outcomes from follow-up data were available on 201 patients. The mean time from diagnosis to follow-up was 180 days (median ¼ 180, range 18-459).
At follow-up, 96/201 (48%) patients achieved visual acuity of 6/12 or better, 68/201 (34%) achieved 6/60 or worse, and 26/201 (13%) patients were NPL or had evisceration of the globe.
Some patients had reduced visual acuity as a consequence of ocular complications that developed after recovery from PIE (Table 3) . Macular abnormalities were found in 41/201 (20%) patients and included: macular pucker {9% (19/201)}, cystoid macular oedema, retinal pigment epithelial abnormalities, and macular holes. Ocular comorbidity existed in some patients; pre-existing age-related macular degeneration in 5/201 (2.5%) cases and diabetic maculopathy in 1/201 (0.5%).
Poor visual outcome (less than or equal to 3/60) occurred in 6/8 (75%) and 22/36 (61%) cases, where Gram-negative organisms and streptococcus species were cultured, respectively. More patients with culture negative ocular samples {16/88 (18%)} had a poor visual outcome compared to patients who had positive cultures for coagulase-negative staphylococci {6/54 (11%)}.
Discussion
This national prospective study, in association with the BOSU, provides an estimate of the incidence of PIE following cataract surgery in the UK. The corrected incidence figure of 0.14% is comparable with data from other studies. [1] [2] [3] [4] The BOSU employs a systematic, prospective, case ascertainment system, which is the best approach to identifying cases of interest. Evaluation trials comparing passive and active surveillance systems consistently report that participants in an active scheme notify around twice as many cases per head of population.
7,8
Sources of error
Underascertainment of cases is a methodological feature of routine surveillance that uses a single source to identify cases. Assessments of the completeness of reporting and reasons for underascertainment are necessary to estimate their effect. The gold standard of an alternative independent routine source to identify cases was not available. Data from nine centres that kept infection databases provided an estimate of ascertainment to be 62.5%. The mean card return rate to the BOSU for the 12-month study period was 71%, 5 which provides an additional indicator of compliance.
These estimates of ascertainment are lower than estimates for previous BOSU studies (range between 75 and 95%) 5 and will have different causes. The BOSU reporting scheme is dependent on voluntary reporting and a proportion of the underascertainment will be attributable to random errors (eg forgetting to report a case), which reduces the incidence estimate, but does not bias the data. Systematic under-reporting will have biased the data and barriers to participation in the surveillance scheme have been reported. 5 Furthermore, study-specific factors could be due to difficulties with the interpretation of the case definition, 9 management by nonconsultant ophthalmologists or reluctance by participating ophthalmologists to report postoperative complications such as endophthalmitis.
While this study has not identified all cases, it is likely that all previous studies will have been subject to similar or greater unevaluated sources of error. 
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Case definition
Although our case definition included cases diagnosed with PIE within 6 weeks of surgery, the majority of cases in this study presented within the first 3 weeks of surgery. Six weeks was chosen as we were mainly interested in the acute-onset cases. There is no fixed definition for the division between early-and delayedonset postoperative endophthalmitis; some authors identify this as between 4 and 6 weeks after surgery. 3, 10 Acute-onset cases tend to present in a different manner to the chronic cases and are also managed differently with generally a worse visual outcome. Fisch et al 1 found that 72 and 92% of patients presented with endophthalmitis within 17 and 60 days of cataract surgery, respectively. Olson et al 11 estimated that 88% of patients present within 6 weeks of surgery. Therefore, approximately 10-20% of patients in our study with a delayed-onset-type endophthalmitis were not included in the incidence calculation.
Case ascertainment was dependent on a clinical diagnosis of PIE. Some of the cases reported to the BOSU may have been severe postoperative inflammation rather than 'true' infectious endophthalmitis. The differentiation between these two clinical presentations can be difficult, but whenever postoperative infectious endophthalmitis is suspected the patient should always be managed as PIE. Should subsequent microbiological cultures prove to be negative, this still does not rule out an infectious aetiology as a significant percentage of infectious cases are not bacteriologically identified by using conventional culture techniques. [12] [13] [14] One recent study showed that by using the polymerase chain reaction in the diagnosis of bacterial endophthalmitis, 54.8% more samples were positive for bacteria compared to conventional culture methods. 14 Both culture negative and culture positive cases were therefore included in the data analysis for this study.
Microbiology
The majority of patients (93%) had ocular samples taken for microbiological analysis. Both vitreous and aqueous samples were obtained in 56%, only vitreous samples in 36%, and only aqueous samples in 8% of these patients. Vitreous samples are more likely to yield positive cultures than aqueous samples, 15 however as in this study, cases with a positive aqueous tap and negative vitreous tap have been described. 15 In order to improve the culture positive yield both vitreous and aqueous samples should be obtained from patients with PIE. The vitreous sampling technique did not affect the culture rate as the percentage of positive cultures was almost identical for eyes having vitreous aspiration by needle (56%) compared to eyes having vitreous biopsy by ocutome (55%).
The culture positive rate for patients who had ocular samples taken was 56% compared to 69% in the EVS. The reasons for this reduced culture rate from our UK survey may be due to the fact that all patients enrolled in the EVS had aqueous and vitreous taps performed, thereby improving the culture positive yield. Also, not all patients in this UK survey had samples cultured on enrichment media, whereas all EVS specimens were inoculated onto enrichment media as well as agar plates.
Less coagulase-negative staphylococci (49 vs 70%) and more streptococci (32 vs 9%) were cultured from samples in this study compared to the EVS. This difference in bacterial species identified may be explained by the exclusion criteria used in the EVS. Patients were excluded because of an excessively cloudy cornea/ anterior chamber or presenting visual acuity of NPL vision, therefore some infections caused by the more virulent organisms such as streptococci were excluded from the EVS analysis.
Patients with infections caused by the more virulent bacteria present earlier than those with less virulent infections, 10 which may explain why a greater percentage of patients in this study presented earlier after cataract surgery compared to the patients in the EVS (Figure 1) .
Management
Treatment of endophthalmitis should be initiated as soon as possible, once the diagnosis is suspected. Peyman 16 noted that no eyes were salvaged in experimental models when intravitreal antibiotic treatment was delayed for 24 h or more after the inoculation of bacteria into the vitreous cavity.
A survey performed in 1985 of UK consultant practice in the management of endophthalmitis showed that 74% of respondents did not inject intravitreal antibiotics. 17 Following the results of recent studies, 6, 18 it is now accepted that direct injection of antibiotics into the vitreous cavity is the most consistent method of achieving adequate intraocular levels for the treatment of suspected infectious endophthalmitis.
The majority of patients (96%) in this study received intravitreal antibiotics for the management of PIE. Most patients were given vancomycin and amikacin or ceftazidime. Teicoplanin was used in 3% of patients as an alternative intravitreal antibiotic for Gram-positive organisms. Teicoplanin has a spectrum of activity similar to that of vancomycin but is more active than vancomycin against streptococci. 19 The antibiotic of choice for Gram-negative coverage is controversial because of the reported cases of macular infarction after The role of i.v. antibiotics in the treatment of endophthalmitis appeared to have been partly defined by the EVS. 6 Despite the EVS conclusions that systemic antibiotics did not provide benefit in the management of endophthalmitis after cataract surgery, 6 65% of patients in this survey received adjunctive oral antibiotics and 17% adjunctive intravenous antibiotics.
The use of intravitreal steroid in the management of PIE is controversial and is reflected in this survey, whereby only 17% of patients received intravitreal dexamethasone or betamethasone. Dexamethasone is a potent inhibitor of many of the inflammatory mediators that are produced as a result of the intraocular infection. Based on experimental studies in rabbits the use of intravitreal dexamethasone in addition to vancomycin results in significantly less intraocular inflammation and more preservation of retinal tissue than eyes treated with vancomycin alone. 21 In a recent trial, patients who received intravitreal steroid for the treatment of postoperative endophthalmitis had a significantly reduced likelihood of obtaining a three-line improvement in visual acuity. 22 This was a retrospective, nonrandomized, comparative trial, and was criticized for bias towards selection of patients with more severe intraocular inflammation receiving intravitreal steroid. 23 The use of intravitreal steroid in the treatment of endophthalmitis requires evaluation by a randomized, controlled study. Oral prednisolone is an alternative but is associated with systemic side effects.
Most UK ophthalmologists do not appear to follow the EVS recommendations that vitrectomy is beneficial in eyes with PL vision. Approximately 70% of patients presenting with PL vision did not undergo PPV in this study.
Nearly 50% of patients achieved visual acuity close to the driving standard. Of the patients, 13% were NPL or had evisceration of the globe at follow-up, compared to 5% of patients in the EVS. Again, this difference in visual outcome can be explained by the exclusion criteria used in the EVS, whereby some of the more severe cases of endophthalmitis were excluded.
A large amount of data associated with postoperative endophthalmitis were collected during this survey. In order to investigate possible risk factors for endophthalmitis, using a case-control methodology, data were also collected from patients undergoing cataract surgery in randomly selected units throughout the UK. The results of this analysis will be reported separately.
During this survey, we found that few centres kept records of postoperative infections. The Royal College of Ophthalmologists guidelines on clinical governance in ophthalmology require that endophthalmitis following surgery, as a Critical Incident, should be recorded. 24 Future national epidemiological studies of postoperative endophthalmitis would benefit if units throughout the UK kept databases on all postoperative infections.
The results of this survey provide valuable information for UK ophthalmologists to discuss with patients the risks involved prior to cataract surgery.
